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We, California Research Corporation, 
a corporation duly organized under the laws 
of the State of Delaware, United States of 
America, and having offices at 200 Bush 

5 Street, San Francisco 4, California, United 
States of America, do hereby declare the in- 
vention, for which we pray that a patent may 
be granted to us and the method by which it 
is to be performed, to be particularly 

10 described in and by the following state- 
ment: — 

This invention relates to a process for the 
preparation of diamines from nitrites. More 
particularly, the invention relates to the pre- 

15 paration of meta- and para-xylylenediamines 
by the hydrogenation of isophthalonitrile and 
terephthalonitrile. 

Metaxylylenediamine and paraxylylenedi- 
amine are juseful as intermediates in organic 

20 synthesis, for example, in the preparation of 
linear polymers such as metaxylylenediamine 
adipic polymer and other polymers for syn- 
thetic fiber use. They are also useful in con- 
junction with epoxy resins, the manufacture 

25 of di-isocyanates employed in the manufac- 
ture of synthetic rubber, and foam-type resins. 

Metaxylylenediamine and paraxylylene- 
diamine may be produced from phthalonitriles 
prepared, for example, by contacting phthalic 

30 acid and ammonia in the presence of a de- 
hydration catalyst such as alumina at elevated 
temperatures, recovering phthalonitrile from 
the resulting vapors by condensing or dissolv- 
ing the vapors in a liquid recovery medium, 

35 for example, water, or a suitable organic sol- 
vent, and obtaining purified phthalonitrile 
from the recovery medium by various steps 
which may include distillation, filtration, 
washing and drying. Thereafter, the phthalo- 

40 nitrile so produced may be hydrogenated in 
the presence of a hydrogenation catalyst under 
suitable conditions to produce the xylylene- 
diamine. The various purification steps neces- 
sary in obtaining the purified phthalonitrile 

45 from the liquid recovery medium heretofore 
have been expensive and time-consuming 
[Price 3s. 6d.] 



factors in the production of xylylenediamine. 
It is an object of the present invention to pro- 
vide a practical and unitary process for the 
production of xylylendiamine starting with 
phthalic acid, which eliminates the inter- 
mediate phthalonitrile purification steps that 
heretofore have been considered necessary. 

In accordance with the present invention, 
meta- and/or para-xylylened iiamine is pre- 
pared in a unitary process comprising the 
steps of contacting solid isophthalic acid or 
terephthalic acid or a mixture of these acids 
with gaseous ammonia under such conditions 
that a phthalonitiile-containing mixture is 
produced, passing said mixture into a phthalo- 
nitrile recovery zone containing a liquid 
which is a solvent for said phthalonitrile and 
which is unreactive under hydrogenating con- 
ditions under which said phthalonitrile will 
react to xylylenediamine, withdrawing from 
said recovery zone said solvent containing 
dissolved phthalonitrile, passing said with- 
drawn solvent and dissolved phthalonitrile into 
a hydrogenation zone, contacting said dis- 
solved phthalonitrile in the presence of sol- 
vent and a hydrogenation catalyst in said 
hydrogenation zone with hydrogen under 
hydrogenating conditions .to produce xylylene- 
diamine, and separating said xylylenediamine 
from the effluent from said hydrogenation 
zone. 

The invention will be further understood, 
and other objects, features, and advantages 
thereof will be apparent, from the following 
description when read in connection with the 
accompanying drawing, which diagrammatic- 
ally illustrates one embodiment of process flow 
paths and apparatus for carrying out the pro- 
cess of the invention, including a two^sfcage 
phthalonitrile production system embodying 
a first non-catalytic melt or vaporization zone 
and a second catalytic dehydration zone. 

It will be understood that a one -stage 
phthialonitrile production system may be used 
in the process of the invention. A two-stage 
system has been illustrated in the drawing as 
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a preferred embodiment, because the heat 
required to completely vaporize isophthalic 
and terephthalic acids prior to introducing 
them into the catalytic dehydration zone in 
the presence of ammonia often presents a 
problem when a one-stage system, consisting 
of lie dehydration zone only, is used. In the 
two-stage system shown in a first non-cata- 
lytic stage, ammonia and phthalic acid are 
contacted in a reaction incomplete enough to 
convert substantially all of the acid to phthalo- 
nitrile, but which converts a portion of the 
acid to phthalonitrile^ converts a portion to 
ammonia-acid reaction products intermediate 
between phthalic acid and phthalonitrile, and 
leaves a portion of the acid unconverted. In a 
second, and catalytic, stage, a completion 
reaction takes place, in which certain inter- 
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mediate reaction products are further reacted 
to the desired phthalonitrile. The kind and 
degree of reactions involved may be better 
understood from the following illustration of 
the over-all reaction of phthalic acid to 
phthalonitrile in the presence of ammonia. 

In general, the over-ail reaction in the con- 
version of phthalic acid to nitrile by reaction 
with ammonia may be illustrated as follows, 
using isophthalic acid as an example: 

C 6 H 4 (COOH) 2 4-2NH 3 -»C 6 H 4 (CN) 2 +4H 2 0 

In arriving at the nitrile, it is believed 
that ammonia^acid reaction products or pro- 
ducts partially converted to the nitrile are 
formed in accordance with the following 
equations: 



COOH 

1) C 6 H 4 (COOH) 2 +NH 3 ->C 6 H 4 < +H 2 0 

CONH 2 

(Isophthalic acid) (Isophthalic Monoamide) 

COOH-f NH 3 ->C 6 H 4 (CONH 2 ) 2 +H 2 0 
(Isophthaldiamide) 
2) C 6 H 4 < CN 

CONH 2 ->C G H 4 < +H 2 0 
COOH 

(Isophthal- (Metacyanobenzoic 
monoamide) acid) 

CN 

3-a) C 6 H 4 (CONH 2 ) 2 -^C 6 H 4 < +H 2 0 

CONH 2 

(Isophthaldiamide) (Metacyanobenzamide) 

CN CN 
3-b) QH 4 < +NH 3 ^C G H 4 < +H 2 0 

COOH CONH 2 
(Metacyanobenzoic acid) (Metacyanobenzamide) 



(A) 
(B) 



4) 



CN 



C C H 4 < ^ C 6 H 4 (CN) 2 +H.O 

CONH 2 

(Metacyanobenzamide) (Isophthalonitrile) 



In more detail, the process of the present 
invention* using the two-stage phthalonitrile 
production system illustrated in the embodi- 
ment shown in the drawing may be conducted 
by: continuously charging isophthalic acid 
and/or terephthalic add into a volatilization, 
or melt, zone; maintaining said zone at a tem- 
perature above about 500° F. and below the 
melting point of said acid; continuously pass- 
ing gaseous ammonia through said zone, in 
contact with said acid in said zone, in suf- 
ficient quantities to cause to be formed in said 
zone a molten and relatively volatile mass 
comprising unreacted portions of said acid and 
partially reacted portions of said acid com- 
prising ammonia derivatives of said acid, e.g., 
cyanobenzoic acid, and in sufficient quantities 



to serve as a earner for the vapors of said 
mass; continuously passing from said zone 
to a dehydration zone said vapors and carrier 
ammonia; contacting said vapors in said de- 
hydration zone in the presence of a dehydra- 
tion catalyst, for example, alumina, to remove 
water and convert unreacted acid and partially 
reacted acid to phthalonitrile; passing the 
effluent from said dehydration zone into a, 
recovery zone and into a hydrocarbon-con- 
taining liquid therein which is a solvent for 
the phthalonitrile so produced and which is 
unreactive under hydrogenating conditions 
under which the phthalonitrile will react to 
xylylenediamine, said solvent being main- 
tained in said recovery zone at a tempera- 
ture, for example, above 200° F., where it 
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will dissolve said phthalonitrile; passing the 
resulting solvent-phthalonitrile mixture from 
said recovery zone to a catalytic hydrogena- 
tion zone; contacting said phthalonitrile in the 

5 presence of said solvent and a hydrogenation 
catalyst in said hydrogenation zone with 
hydrogen under hydrogenating conditions to 
produce xylylenediamine, and recovering said 
xylylenediamine from the effluent from said 

10 hydrogenation zone. 

It has been ascertained that the above-men- 
tioned molten and relatively volatile mass, or 
melt, is formed when 5 to 70% of the carb- 
oxyl groups have reacted with the ammonia. 

15 A suitable melt is one having 10 to 30%. of 
the number of carboxyl groups reacted with 
the ammonia. As will occur to those skilled 
in the ait, this number may be determined 
by a carboxyl number determination, and 

20 controlled by rate of removal of the volatile 
products and addition of acid. 

The volatilization, or melt, zone may be a 
suitable closed vessel maintained at a pressure 
which may range from about 0.1 atmospheres 

25 to 20 atmospheres, preferably from about 0.8 
to 3 atmospheres, and provided with heating 
means to maintain the contents of the vessel 
at the desired temperatures. 

The dehydration zone may be a tube or 

30 column containing the appropriate dehydration 
catalyst and provided with heating means to 
supply the requisite heat necessary to effect 
the conversion of tmreacted phthalic acid and 
partially reacted phthalic acid, e.g., cyano- 

35 benzoic acid, to the phthalonitrile. The tem- 
perature in the dehydration zone may be from 
about 650° F. to 900° R, and preferably 
from about 700° F. to 850° F. 

The dehydrating catalysts employed in the 

40 reaction are known to the art and have been 
described in such texts as "Catalysis," by 
Berkman, Morrell and EglofT. For present 
purposes catalysts such as activated alumina, 
silica and thoria, which are stable at the tem- 

45 peratures of operation, are particularly satis- 
factory. Other catalysts include oxides of 
zirconium, beryllium, tungsten and vanadium 
and basic aluminum phosphate, basic alu- 
minum sulfate, and phosphoric acid. If a 

50 support for the catalyst is desired, such 
materials as Alundum may be employed. The 
word " Alundum" is a registered Trade 
Mark. 

The hydrogenation catalyst may be a con- 
55 ventional hydrogenation catalyst, for example, 
reduced cobalt oxide or nickel. The conditions 
in the hydrogenation zone may be as follows: 
pressure 1500 to 10,000 psig., preferably from 
about 2000 to 5000 psig.; temperature 180° 
60 F. to 400° F., preferably from about 220° F. 
to 325° F.; space rate 0.05 to 8 grams phthalo- 
nitrile per cubic centimeter of catalyst per 
hour, preferably from about 0.15 to 4 grams 
phthalonitrile per cubic centimeter of catalyst 
65 per hour; make-up hydrogen rate, excluding 



recycle hydrogen which may be used if 
desired, 4 to 20 moles H 2 per mole of 
phthalonitrile, preferably from about 6 to 16 
moles H 2 per mole of phthalonitrile. If 
desired, the reaction may be carried out in the 70 
presence of ammonia, added in amounts suf- 
ficient to suppress side reactions to the extent 
desired, for example, from 10 to 50 weight 
per cent of the total feed to the hydrogena- 
tion zone. 75 

The solvent-phthalonitrile ratio in the mix- 
ture entering the hydrogenation zone may 
vary widely, depending upon a number of fac- 
tors, including the type of solvent used, tem- 
perature in the solvent recovery zone, hydro- 80 
genatioa rate desired, and yield desired. How- 
ever, it may be said generally that passing the 
solvent-phtnalonitrile mixture directly to the 
hydrogenation zone without first •recovering 
phthalonitrile from the solvent results in a 85 
reduced hydrogenation rate compared with 
the rate which exists without a solvent present 
or with a fresh solvent added after the 
phthalonitrile has been recovered from the 
original solvent. This is particularly true 90 
when a nickel hydrogenation catalyst is used. 
Further, it may be said generally that the 
presence of the solvent results in increased 
xylylenediamine yields, particularly at higher 
hydrogenation temperatures. Less solvent is °5 
necessary in the solvent recovery zone as that 
zone is operated at higher temperatures. How- 
ever, there are practical temperature limits 
for that zone that are imposed, for example, 
by the phthalonitrile and solvent vapor 100 
pressures, which should be kept down to a 
reasonable level. For example, with xylene as 
the solvent, it has been found desirable to 
maintain the xylene temperature near the 
lower portion of the recovery zone shown hi 105 
the accompanying drawing at from 200° F. to 
300° F., preferably from about 220°F. to 
240° F. In these .temperature ranges it has 
been found desirable from the standpoint of 
subsequent hydrogenation to have the effluent 110 
from the recovery zone contain from about 
50% by weight to about 90% by weight of 
the solvent, and preferably from about 65% 
by weight to about 80% by weight. 

The solvents to be used in the process of 115 
the present invention are inert organic liquids, 
including alcohols, but preferably aromatic 
hydrocarbons, for example, xylene. Of the 
alcohols, isopropyl alcohol is preferred. If 
desired, the solubility of the phthalonitrile in 120 
the solvent may be varied by using a mixed 
solvent, for example, a mixture of alcohol 
and an aromatic hydrocarbon, and by adjust- 
ing the proportions of the mixture to obtain 
the desired solubility. It has been found that 125 
the solubility parameter, as denned by Hilde- 
brand and Scott an "The Solubility of None- 
lectrolytes," of the solvent used should be 
close to the solubility parameter of the 
phraalonitrile in order to give, ithe best solti- 130 
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bility of the nitrile in the solvent; for most 
organic compounds of low molecular weight, 
liquids will be immiscible if the difference in 
solubility parameters is greater than about 

5 3.6. Isophthalonitrile, for example, has a 
solubility parameter of about 10.8; therefore, 
the best solvents for isophthalonitrile on a 
mole fraction basis have solubility parameters 
near this figure, for example, from 10 to 11.5. 

10 Thus, aliphatic hydrocarbons with solubility 
parameters in the range 7.0 to 8.2 are very 
poor solvents for isophthalonitrile, while 
dioxane, with a solubility parameter of 10.8, 
is an excellent solvent for isophthalonitrile. 

15 While a single solvent, for example, xylene, 
may be used in the process of the present in- 
vention, by proper attention to solubility para- 
meters as discussed above, various mixed 
solvents may be prepared from hydrocarbon- 

20 containing solvents .that are inert in the hydro- 
genation stage. The aromatic hydrocarbons 
have somewhat lower solubility parameters 
than would be ideal for dissolving isqphthalo- 
nitrile, and the solubility parameters of the 

25 alcohols are too high. However, by mixing an 
aromatic hydrocarbon with an alcohol in proper 
proportions, the solubility parameter can be 
adjusted toward the ideal. Thus, 60 volume 
per cent benzene mixed with 40 volume per 

30 cent methanol will dissolve twice as much 
isophthalonitrile at room temperature than 
benzene alone, even though methanol is a 
poorer solvent for isophthalonitrile than ben- 
zene. It has been found in the light of the 

35 foregoing that the solubility parameter of 
either a single or a mixed solvent should not 
differ in either direction from that of the 
nitrile by more than about 2.5, and preferably 
not more than 2.0. 

40 Referring now to the drawing, there shown 
is an embodiment of apparatus and flow 
paths for carrying out the process of the 
present invention, with an inert organic sol- 
vent, xylene, being used in the phthalonitrile 

45 recovery section of the process. Solid iso- 
phthalic acid or terephthalic acid, or mixtures 
of these acids, which may range, for example, 
from about 5 to 200 mesh, land preferably 
from about 10 to 100 mesh, are fed from 

50 acid bin 1 through line 2 into melt zone or 
vaporizer 3. Vaporizer 3 is provided with suit- 
able heating means, for example, coil 4. The 
acid may be introduced into the vaporizer 3 
by means of a screw conveyor, not shown, 

55 by gravity through star feeder valve 5, or by 
other suitable means. The contents of 
vaporizer 3 are heated to a temperature be- 
tween about 500° F. and 750° F., prefer- 
ably from about 600° F. to 700° F., while a 

60 gaseous stream of preheated ammonia is 
passed from ammonia storage vessel 6 through 
Jine 7 and over or through the contents of 
vaporizer 3, whereupon a melt of acid and 
complete and partial reaction products of the 

65 acid is formed. Ammonia storage vessel 6 



may be maintained under a suitable pressure, 
for example, 20 — 60 psig., and the ammonia 
may be passed into vaporizer 3 at the rate, 
for example, of about 2 — 5 SCFM. Heat ex- 
changer 8 may be provided to heat the 70 
ammonia entering vaporizer 3, for example, 
to from about 500° F. to 1100° F., prefer- 
ably from about 800° F. to 900° F. Degra- 
dation or undesirable side reaction products, 
generally having a tarry appearance, may be 75 
withdrawn from vaporizer 3 through line 9. 
Sufficient ammonia is passed through or over 
the melt in vaporizer 3 to react with the acid 
and to sweep out the volatile organic gases 
while phthalic acids are continuously added 80 
«to the vaporization zone. In general, 
amounts of ammonia passed through the melt 
ranging from about 2 moles to 25 moles per 
mole of acid will be found satisfactory, with 
amounts toward the upper end of .this range, 85 
and even above being preferable as a means of 
obtaining better phthalic acid vaporization 
and increased phthalonitrile yields. 

If desired, nitrogen may be passed from 
nitrogen storage tank 10, maintained under 90 
a pressure, for example, of 20 — 60 psig., 
throungh line 11 to line 2 where shown, to 
facilitate the passage of acid through line 2 
into vaporizer 3 without complications. The 
nitrogen prevents the ammonia from vaporizer 95 
3 from back-diffusing into the add feed in 
line 2. If the fresh acid feed in line 2 were 
to meet ammonia therein, at perhaps 50° F. 
to 350° F., it would form a sticky, pasty 
mass, and would thereby complicate acid pas- 100 
sage into vaporizer 3. The nitrogen prevents 
acid-ammonia contact until the acid reaches 
the vaporizer, and thus facilitates the passage 
of the acid into the vaporizer. 

The gaseous ammonia stream carrying 105 
volatilized organic products is passed from 
vaporizer 3 through line 12 and heat ex- 
changer 13 into dehydration reactor or zone 
14. Zone 14 is packed with a dehydration 
catalyst, for example, activated alumina. The HO 
temperature of the stream entering zone 14 
through line 12 is maintained, for example, 
at between about 600° F. and 800° F., and 
preferably between about 650° F. and 750° 
F., these lower temperatures being desirable 115 
to minimize decarboxylation and benzonitrile 
production. Reactor 14 is provided with suit- 
able heating means, for example, coil 15, to 
maintain the temperature in reactor 14 at 
about, for example, 700° F. to 900° F., and 120 
preferably from about 750° F. to 850° F. 
The space velocity of the acid charge to 
reactor 14 may be from about 10 pounds per 
cubic foot per hour to about 350 pounds per 
cubic foot per hour, and preferably from 125 
about 20 to 150 pounds per cubic foot per 
hour. 

The reaction products formed in zone 14 
are passed from zone 14 through line 16 to 
solvent-containing recovery tank 17, provided 130 
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for the recovery of phthalonitrile from vapors 
entering .tank 17 through line 16. Line 16 is 
provided with suitable heating means, not 
shown, if necessary to insure that the materials 

5 in line 16 remain in vapor form until they 
contact the solvent in 'tank 17. These line 16 
vapors preferably are maintained at a tem- 
perature, for example^ of from about 600° F. 
to 800° F., a more desirable range being 

10 from about 650° F. to 725° R, to minimize 
metacyanobenzamide production. 

Solvent-containing recovery tank 17 is 
filled with a hydrocarbon-containing liquid 
which is a solvent, at the temperatures main- 

15 tained in tank 17, for the phthalonitrile pro- 
duced in the process, and preferably the 
solvent is an inert organic solvent, and still 
more preferably it is an aromatic hydrocarbon 
solvent. The solvent must be substantially non- 
20 reactive an the subsequent hydrogenation 
zone with either the phthalonitrile or with the 
xylylenediamine produced therein. The 
xylene used in connection with this descrip- 
tion of a preferred embodiment is a satis- 

25 factory solvent. 

Dip tube 18 is provided in recovery tank or 
zone 17 to guide the incoming vapors into 
the solvent therein. Tank 17 is maintained, 
for example, by means of heating coil 19, 

30 at a temperature such that phthalonitrile from 
the incoming vapors satisfactorily dissolves in 
■the selected solvent. In the case of xylene, 
satisfactory temperatures would be, for ex- 
ample, about 600° F. to 650° F. within dip 

35 tube 18, about 300° F. to 400° F. outside of 
and near the end of dip tube 18, and about 
200° F. to 300° F. near .the lower portion of 
the tank. 

Ammonia and nitrogen are withdrawn from 

40 recovery tank 17 and passed to ammonia 
scrubber 20 through line 21, first being passed 
through a column 22, if desired. Column 22 
serves to remove traces of phthalonitrile from 
the withdrawn ammonia and nitrogen stream, 

45 by countercurrently scrubbing that stream with 
xylene introduced into column 22 through line 
23. The resulting stream comprising xylene 
and entrained phthalonitrile passes into re- 
covery tank 17, and serves as the main or 

50 only supply of xylene to tank 17 under 
equilibrium operating conditions. The xylenes 
in line 23 are maintained, for example, at 
from about 200° F. to 300° F., at a flow rate 
sufficient to maintain the desired liquid level 

55 in tank 17. During start-up of the process, it 
may be preferred to introduce xylene directly 
into tank 17 through line 24, rather than in- 
to column 22 through line 23. In either case, 
the required make-up xylene for the process 

60 may be introduced first into solvent surge 
drum 25 through line 26. 

The ammonia-nitrogen stream passing 
through line 21 to ammonia scrubber 20 may 
also contain some amounts of other materials, 

65 for example, H 2 0, C0 2 , H 2 and xylenes. 



Ammonia is scrubbed from this stream with 
water introduced into scrubber 20 through 
dine 30, and the resulting ammonia-water mix- 
ture is passed from scrubber 20 through line 
31 to separation zone 32, where the ammonia 70 
and water may be separated, ammonia being 
withdrawn through line 33 and water being 
withdrawn through line 34. 

From ammonia scrubber 20, separated 
nitrogen may (be withdrawn through line 35, 75 
and whatever xylene may accumulate above 
the ammonia-water phase in scrubber 20 may 
be recovered by passing it therefrom through 
line 40 to surge drum 25. 

From recovery tank 17 a mixture compris- 80 
ing phthalonitrile dissolved in xylene, together 
with whatever impurities may be present, is 
passed through line 44 to hydrogenation zone 
45 without purification. Prior art practice 
at this point would require passing the 85 
phthalonitrile through line 43 to product 
drum 42, and thereafter purifying it, or par- 
tially purifying it, by an expensive and time- 
consuming sequence of steps, for example, 
distillation, filtering, washing, and drying, be- 90 
fore it could be used in a subsequent hydro- 
genation process. 

The phthalonitrile-solvent mixture entering 
hydrogenation zone 45 is contacted therein 
with hydrogen introduced through line 46, 95,. 
and the phthalonitrile hydrogenated under 
hydrogenating conditions in the presence of a 
hydrogenation catalyst, for example, nickel or 
cobalt oxide. The xylylenediamine so pro- 
duced then may be separated easily from the 100 
effluent from hydrogenation zone 45, for ex- 
ample, by passing the effluent into distillation 
zone 47, from which the xylene is withdrawn 
through line 48 and from which the xylene- 
diamine is withdrawn through line 49 as a 105 
product. 

The following examples will further serve 
to illustrate the process of the present inven- 
tion. 

Example 1. t 110 

Metaxylylenediamine was produced ^ using 
apparatus similar to that illustrated in the 
attached drawing by continuously feeding 
solid isophthalic acid to a vaporizer held at 
620^-660° F. under 18 psig, of pressure. A 115 
2.8 to 1 molar ratio of nitrogen to isophthalic 
acid was used to facilitate feeding of the solid 
acid. In the vaporizer each mole of isophthaHic 
acid was contacted with 19 — 20 moles of 
ammonia gas which had been preheated to 120 
900—910° F. A melt of partially reacted iso- 
phthalic acid was formed, and this melt was 
vaporized and was swept out by the excess 
ammonia. These gases were then passed into 
the reactor, at a space rate of 63 — 65 pounds 125 
of acid charge per cubic foot per hour, where 
the isophthalonitrile producing reaction was 
completed over a dehydration-type, alumina 
catalyst ait a temperature of 750—850° F., 
and under a pressure of 1 psig. The iso- 130 
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phthalonitrile vapor, along with vaporous by- 
product ammonia, nitrogen, water, benzo- 
nitrile, metacyanobenzamide, hydrogen, 
xylenes, and carbon dioxide, were passed out 
of the reactor at 850 — 900° F. into a xylene- 
containing recovery tank held at 235° F. and 
under atmospheric pressure where the iso- 
phthalonitrile, benzonitrile, and metacyano- 
benzamide were dissolved by the xylene. This 
resulting xylene solution contained 31% pro- 
ducts of which 97.9% was isophthalonitrile, 
1.11% was benzonitrile, and 1.0% was meta- 
cyanobenzamide. This xylene solution was 
then charged it© a rocking autoclave along 
with a cobalt hydrogenation-type catalyst, and 
ammonia in an amount of about 25 weight per 
cent, based on the total feed to die hydro- 
genation zone. The hydrogenation was then 
carried out at 250° F. and under 3000 psig. 
pressure, A hydrogenation rate of 0.54 iso- 
phthalonitrile per cubic centimeter of catalyst 
per hour was obtained. The resulting product 
contained 90.4% metaxylylene diamine, rep- 
resenting a 92.3% molar yield, 0.8,% mono- 
amines, and 8.8j% tars. 

Example 2. 
A solution containing 31;% crude iso- 
phthalonitrile in xylene was produced in a 
manner similar to .that outlined in Example 1. 
This solution was then charged to a rocked 
autoclave with a Raney-nickel hydrogenation 
catalyst, and ammonia in an amount of 25 
weight per cent, based on the total feed to 
the hydrogenation zone. The hydrogenation 
was then carried out at 250° F. and under a 
pressure of 2000 psig. A hydrogenation rate 
of 1.15 gm. isophthalonitriie per gram nickel 
catalyst per hour was obtained, giving a 
90.31% molar yield of metaxylylenediamine. 

In addition to savings in phthalonitrile 
purification costs, it has been found that the 
method of the present invention avoids solids 
handling problems, plugging of system lines, 
and many other problems associated with the . 
prior art method of purifying the phthalo- 
nitrile prior to its hydrogenation to xylylene- 
diamine. 

WHAT WE CLAIM IS: — 
1. The method of producing meta- or para- 
xylylenediamine, or a mixture thereof, which 
comprises contacting solid isophthalic acid or 
terephthalic acid or a mixture of said acids, 
with gaseous ammonia under such conditions 
•that a phthalonitrHe-containing mixture is 
55 produced, passing said mixture into a phthalo- 
nitrile recovery zone containing a solvent for 
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said phthalonitrile, the solvent being substan- 
tially unreactive under subsequent hydro- 
genating conditions under which said phthalo- 
nitrile is converted into xylylenediamine, with- 60 
drawing from said recovery zone an effluent 
comprising phthalonitrile dissolved in said 
solvent, passing said effluent without purifica- 
tion directly into a hydrogenation zone, con- 
tacting the dissolved phthalonitrile with 65 
hydrogen in the presence of a hydrogenation 
catalyst in said hydrogenation zone and under 
hydrogenating conditions to produce xylylene- 
diamine, and separating said xylylenediamine 
from the effluent from said hydrogenation 70 
zone. 

2. A method according to Claim 1, wherein 
the solvent withdrawn from said recovery 
zone amounts .to from 50% to 90% by weight 

of the total effluent from said recovery zone. 75 

3. A method according to Claim 1 or 2, 
wherein any difference in the solubility para- 
meter of said solvent from the solubility para- 
meter of said phthalonitrile is not more than 
about 2,5. 80 

4. A method according to Claim 1, 2 or 
3, wherein said solvent is a mixture of sol- 
vents, the mixture having a solubility para- 
meter not differing from the solubility para- 
meter of said phthalonitrile by more than 85 
about 2.5. 

5. A method according to any of Claims 1 
to 4, wherein the ammonia and isophthalic or 
terephthalic acid are reacted together in a 
manner such that not all the acid is converted 90 
to phthalonitrile, and wherein the conversion 

of the intermediate products of the reaction 
to phthalonitrile is completed by passing the 
ammonia and the products of the reaction 
into a dehydrogenation zone in the presence 95 
of a dehydration catalyst. 

6. A method according to any of Qaims 
1 to 4, wherein the ammonia and isophthalic 
or terephthalic acid are reacted in a dehydra- 
tion zone under conditions whereby phthalo- 100 
nitrile is produced. 

7. A method of producing meta- and/or 
para-xylylenediamine, substantially as herein- 
before described with reference to Example 

1 or 2 of the foregoing examples. 105 

8. A method of producing meta- and/or 
para-xylylenediamine in accordance with Claim 
l s substantially as hereinbefore described with 
reference to the accompanying drawing. 

HASELTINE, LAKE & CO., 110 
28, Southampton Buildings, London, W.C.2, 
Agents for the Applicants. 
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